In this paper, we use the result in [7] to calculate the non-Gaussianity of the racetrack models in [3, 5] . Our results show that the non-Gaussianity in [3] is reasonable, while the non-Gaussianity in [5] is beyond the observational limits. * cysun@mails.gucas.ac.cn † dhzhang@gucas.ac.cn
Introduction
In cosmology, the inflation paradigm plays an important role. The central idea of inflation is very simple. But it has proved difficult to discriminate between the large number of different models that have been developed to date [1] . Both the simplest classes of inflation models and the most complicated classes may predict a Gaussian-distributed perturbations and a nearly scaleinvariant spectrum of the primordial density perturbations [2] . However it is believed that the deviations away from Gaussian statistics represent a potential powerful discriminant between the competing inflationary models. On the other hand, physicists always try to understand cosmological inflation within the deeper theory, e.g. string theory. In the past two years, continued progress has been made in identifying how the inflation arise from within string theory. Recently, the racetrack inflation models, which are based on the Calabi-Yau compactification of type IIB String, attract attention. Ref. [3] suggests a simple racetrack inflation model, where only a single Kähler modulus is used. And in Ref. [5] a complicated racetrack inflation model is given with two Kähler moduli (See [5] for comparison between the two models.). In this paper, we try to calculate the non-Gaussianities, the non-linear parameter f N L , of the two models.
The racetrack models give effectively multi-field inflation models, while, for a multiple-field inflation model, the expression of f N L is very complicated. Fortunately, in [13] , Lyth and Rodriguez have shown that the non-Gaussianity of the curvature perturbation in multiple field models can be simply expressed in the so-called "δN-formalism" [4] . Further, in [6] , the authors have given the expression of f N L involving the metric of the field space explicitly. Further more, in [7] , f N L has been expressed in terms of the slow-rolling parameters. In this paper, we would adopt the result in [7] to calculate the non-linear parameter. Here we should note that the result in [7] is obtained by neglecting the non-adiabatic perturbations and the intrinsic non-Gaussianity of the fields (See [7] for details.). Of course, for the two racetrack models, due to the interacting terms in the effective actions the non-adiabatic perturbations would be generated unavoidably. And the intrinsic non-Gaussianity of the field perturbations exist too. However, the assumption of the Gaussian-distributed and adiabatic perturbations is in good agreement with the observation [8, 9] . So we suppose that in the racetrack models, this assumption is still good enough. Then we expect the dominant non-Gaussianity would be obtained by using the result in [7] .
In this paper, we first give a brief summary of result in [7] . Then we calculate the non-linear parameter of the two racetrack inflation models.
the non-linear parameter
This section we summarize the result in [7] . For the background, The effective action of the simple coupling system of Einstein gravity and scalar fields with an arbitrary inflation potential V (ϕ) are
where G IJ ≡ G IJ (ϕ) represents the metric on the manifold parameterized by the scalar field values. And 8πG = M −2 p represents the reduced Planck mass. Units are chosen such that c = = 1. And the Friedmann-Robertson-Walker metric is used,
The non Gaussianity of the curvature is expressed in the form:
where ζ g is Gaussian, with ζ g = 0. And f N L is the non-linear parameter.
In the other hand, the curvature perturbation can be expressed as the difference between an initial space-flat fixed-t slice and a final uniform energy density fixed-t slice (see [11, 13, 12] for details),
where N = Hdt = ȧ a dt is the integrated number of e-folds. Here and after, one dot denotes the derivative with respect to the time,ȧ = da/dt. Expanding the curvature perturbation to the second order [13] , we get
where N ,I = ∂N ∂ϕ I , N ,IJ = ∂ 2 N ∂ϕ I ∂ϕ J . Equating the bispectrums of ζ obtained by using the two equations (5) and (3), we may get
where G IJ are the elements of the inverse metric of the field space. In this result, the intrinsic non-Gaussian part, ∼ δϕ I (k 1 )δϕ J (k 2 )δϕ K (k 3 ) , has been neglected. Define one parameter, ε I , as
where V ,I = ∂V ∂ϕ I . Then, using the slow-rolling approximation, the slow-rolling parameter, ε, can be expressed as
Further, neglecting the non-adiabatic perturbations of the inflation fields, we can get
Now, the non-linear parameter may be expressed as
where
non-Gaussianity of the racetrack model with single modulus
In [3] , basing on a simple extension of KKLT scenario [14] , the authors suggest a racetrack inflationary model in the frame of string theory. This model is equivalent a double-field inflationary model, with the effective action
with 
The inflationary saddle point is at
The units of the values above have been taken to be M p = 1.Taking the slow-rolling parameters to be calculated at the point X = 123.22, Y = 0.2, we get f N L ≃ −2.558.
The observation [9] shows that the limits on primordial non-Gaussianity are −54 < f N L < 114 at the 95% confidence level. So our result fits the limits. Supposing the contribution of the non-adiabatic part and the intrinsic non-Gaussianity at the same order of this result, we may expect that the total non-Gaussianity of this model should be |f N L | ∼ 10. This is still a reasonable result.
non-Gaussianity of the racetrack model with two Kähler moduli
In [5] , by compactifying to the the orientifold of degree 18 hypersurface P 4 [1, 1, 1, 6, 9] , an elliptic fibered Calabi-Yau over P 2 , the authors suggest a racetrack inflation model with tow Kähler moduli. The effective action of this models is
with
and
In this model, X 1 , Y 1 and X 2 , Y 2 correspond to the scalar fields in Eq.(1), ϕ I , I = 1, 2, 3, 4. And D, W 0 , a, A, b, B are the constant parameters of this model. In [5] , the appropriate values of these parameters are suggested, D = 6.21 × 10 −9 , W 0 = 5.227 × 10 −6 ,
And the inflationary saddle point is at X 1 = 108.96, X 2 = 217.69, Y 1 = 20, Y 2 = 129.
As before, the units of the values above are taken to be M p = 1. Calculating the slow-rolling parameters at the saddle point, we get
This result is astonishing, which is too large, much beyond the limits, −54 < f N L < 114.
Discussion and Summary
Above, we have obtained the non-Gaussianity of the models in [3, 5] basing on the result in [7] . For the model in [3] , our result shows that this model gives the reasonable non-Gaussianity. However, in the model of [5] , our result shows that the unreasonable non-Gaussinity is generated! The non-Gaussianity of the model in [5] is much beyond the limits. As we have noted above, in our result, the contribution of the intrinsic non-Gaussianity of the fields and the non-adiabatic perturbations are neglected. But, in general, the contribution of the two terms would make the non-Gaussianity larger. Then, even considering these two parts, for the model in [5] , we would get an unreasonable result yet. Of course, by fine tuning the parameters in the model, we may expect to get a reasonable result. This possibility exists, but unlikely. Then we think the model in [5] is unfavorable phenomenally.
